Nonsteroidal anti-inflammatory drugs (NSAIDs), including both traditional nonselective NSAIDs and the selective cyclooxygenase (COX)-2 inhibitors, are widely used for their anti-inflammatory and analgesic effects. NSAIDs are a necessary choice in pain management because of the integrated role of the COX pathway in the generation of inflammation and in the biochemical recognition of pain. This group of drugs has recently come under scrutiny because of recent focus in the literature on the various adverse effects that can occur when applying NSAIDs.This review will provide an educational update on the current evidence of the efficacy and adverse effects of NSAIDs. It aims to answer the following questions: (1) are there clinically important differences in the efficacy and safety between the different NSAIDs, (2) if there are differences, which are the ones that are more effective and associated with fewer adverse effects, and (3) which are the effective therapeutic approaches that could reduce the adverse effects of NSAIDs. Finally, an algorithm is proposed which delineates a general decision-making tree to select the most appropriate analgesic for an individual patient based on the evidence reviewed. Keywords: Analgesics; COX-2 specific inhibitors; NSAIDs; Pain Nonst eroidal anti-inflammatory drugs (NSAIDs) are among the most widely used medications in the world because of their demonstrated efficacy in reducing pain and inflammation. 1 Their efficacy has been documented in a number of clinical disorders, including osteoarthritis, rheumatoid arthritis, ankylosing spondylitis, gout, dysmenorrhea, dental pain and headache. [2] [3] [4] [5] [6] [7] [8] The basic mode of action is inhibition of the pro-inflammatory enzyme cyclooxygenase (COX). NSAIDs as a class comprise both traditional nonselective NSAIDs (tNSAIDs) that nonspecifically inhibit both COX-1 and COX-2, and selective COX-2 inhibitors. Although effective at relieving pain and inflammation, tNSAIDs are associated with a significant risk of serious gastrointestinal adverse events with chronic use. 9 Therefore, specific inhibitors of the COX-2 isoenzyme were developed, thus opening the possibility to provide antiinflammatory and analgesic benefits, while theoretically leaving the gastroprotective activity of the COX-1 isoenzyme intact. However, important concerns have recently been raised regarding the potential cardiovascular toxicity of COX-2 inhibitors. 10
rofecoxib, valdecoxib and celecoxib. Reference lists of identified articles and pertinent review articles were also manually searched.
Analgesic Efficacy of NSAIDs
The evidence for the effectiveness of NSAIDs is generally overwhelming when the test drug is compared to placebo in acute or chronic pain conditions. 11 However, there is a controversy about the relative efficacy of NSAIDs when compared with each other. In the past, some authors have stated that there is little difference in the analgesic efficacy between the different types of NSAIDs. 12 Recent evidence has shown that individual NSAIDs do differ in their analgesic efficacy and the Oxford League Table has been suggested as a good tool for assessing the relative efficacy of analgesics. 13 There are hundreds of proprietary analgesics in the market with manufacturer's claims of efficacy. Many physicians and patients are confused as to which analgesic is the most efficacious for the pain that needs to be treated. Frequently, the choice of analgesic is based on personal experience rather than evidence. 6, 12 The Oxford League Table 13 will be used to discuss the relative analgesic efficacy of NSAIDs in this review. Table  The Oxford pain group has constructed the Oxford League Table for analgesics in acute pain by giving each analgesic a number to grade its efficacy. 13 The efficacy of analgesics is expressed as the number-needed-to-treat (NNT), the number of patients who need to receive the active drug for one to achieve at least 50% relief of pain compared with placebo over a 4 to 6 hour treatment period. 14 The most effective drugs would have a low NNT of approximately 2. This means that for every two patients who receive the drug, one patient will get at least 50% relief due to the treatment (the other patient may or may not obtain relief but it does not reach the 50% level).
Oxford League
Information from the table was from systematic reviews of randomized, double-blind, single-dose studies in patients with moderate to severe pain in postoperative dental, orthopedic, gynecological and general surgical pain. For each review the outcome was identical, that is, at least 50% pain relief over 4 to 6 hours. Information is presented in the form of a league table, which has the number of patients in the comparison, the percent with at least 50% pain relief with analgesic, the NNT, and the high and low 95% confidence interval (table 1).
The NNT is useful for comparison of relative efficacy of analgesics since these NNT comparisons are versus placebo. A NNT of 2, which is the best, means that 50 out of 100 patients will get at least 50% relief specifically due to the treatment. Another 20 may have a placebo response giving them at least 50% relief. As an example, ibuprofen 400 mg has a NNT of 2.4 on the league table, therefore approximately 62 (42+20) of 100 patients in total will have effective pain relief. For comparison, 10 mg intramuscular morphine with a NNT of 2.9 will provide approximately 54 (34+20) of 100 patients with effective pain relief.
From the league table, it is clear that tNSAIDs and COX-2 inhibitors do extremely well in this single-dose comparison and that they do differ in efficacy (the differences also reflect the dose response of different doses of selected NSAIDs). At commonly used doses they all have NNT values between 1.6 and 3, and the point estimate of the mean is below that of (i.e., better than) 10 mg of intramuscular morphine (NNT of 2.9), even though the confidence intervals overlap. However, it should be noted that this dose of morphine does not usually last 4 to 6 hours during which pain scores are recorded. tNSAIDs, such as ibuprofen, diclofenac and naproxen, and COX-2 inhibitors, such as rofecoxib, valdecoxib and lumiracoxib, top the league table. By comparison, other analgesics such as aspirin 600 mg and acetaminophen 1000 mg (NNT of 4.4 and 3.8, respectively) are significantly less effective than 10 mg intramuscular morphine. The point estimates of the NNT are higher, and there is no overlap of the confidence intervals. Weak opioids perform poorly in single doses on their own. For example, codeine phosphate 60 mg has an NNT of 16.7. However, combining them with simple analgesics improves analgesic efficacy (NNT of 2.2 for acetaminophen 1000 mg + codeine 60 mg).
Limitations of the Oxford League Table
An assumption of the Oxford League Table is that different pain models are comparable, and that the benefit and harm can be extrapolated from one model to another. However, Cooper 15 suggested that there are "some clinically relevant differences among the different pain models." Pooling the data from different procedures and different patient groups by the Oxford pain group may limit their interpretability. 16 Even though a direct comparison of efficacy between different drugs is, in principle, a valuable guide to clinical application, creating an average value with a wide margin of error that lacks applicability to particular clinical scenarios may be problematic. For example, a drug that is well-suited to one pain setting may have a different effect or no effect at all in another. Hence, the information provided in the Oxford League Table should be interpreted in light of the specific pain symptoms, which need to be treated, and used as an approximate guide concerning the relative efficacy of analgesics. There remains a need for a league table with NNT calculated related to specific surgical procedures.
Another drawback of the league table is the small size of some trials used to combine the data. Small trials with few patients cannot accurately estimate the magnitude of the analgesic effect. For example, to accurately know the NNT of an analgesic that is 3.0 with a confidence interval of 2.5 to 3.5, about 1000 patients need to be included in a comparative trial. Some drugs meet such stringent criteria. For instance, trials involving 2800 patients were used to combine the data on the league table concerning acetaminophen with an NNT of 3.8. However, for ibuprofen 800 mg, which is at the top of Table. the league table with an impressive NNT of 1.6 and with 100% of patients achieving at least 50% pain relief, only 76 patients were ever involved in the comparative trials. Such disparity in study size necessitates careful interpretation of results.
Comparison of the Efficacy of NSAIDs with Other Analgesics
Older clinical data suggested that acetaminophen is as effective as NSAIDs in many pain conditions. 17, 18 However, it can be seen from the Oxford League Table that overall, NSAIDs are clearly more efficacious than acetaminophen. A recent survey of 1799 patients with osteoarthritis found that the majority (>60%) preferred NSAIDs over acetaminophen in the symptomatic treatment of osteoarthritis based on perceived better efficacy. 19 Results from recent blinded, randomized, placebo-controlled trials comparing the efficacy of acetaminophen and NSAIDs are consistent with this patient preference for NSAIDs and may necessitate the reassessment of the older clinical data. 20, 21 Results from a meta-analysis conducted by Lee and colleagues 22 indicate that NSAIDs are statistically superior to acetaminophen in reducing osteoarthritis pain. Using data from seven clinical trials that evaluated both tNSAIDs and COX-2 inhibitors in the treatment of osteoarthritis pain, the authors found that scores for overall pain at rest and while walking favored the NSAID group. A second trial, conducted by Zhang and colleagues, 23 found that while acetaminophen was effective in relieving arthritis pain, NSAIDs were significantly better in terms of pain relief, patient preference and clinical response.
While it seems clear that NSAIDs have a better efficacy than acetaminophen, it should be noted that acetaminophen has a safer profile than NSAIDs. A recent Cochrane review of 15 randomized control trials (RCTs) involving 5986 patients comparing the effect of NSAIDs with acetaminophen has concluded that NSAIDs were more effective (significantly better in controlling pain at rest and pain at night with a trend toward superiority in controlling pain after activity). 24 However, the risk of adverse gastrointestinal events associated with NSAID use was greater than for acetaminophen, resulting in a benefit-to-risk ratio that favored acetaminophen in certain pain conditions.
It can be seen from the Oxford League 
Effects of Formulation on the Analgesic Activity of NSAIDs
The formulation of certain NSAIDs can have a profound effect on its efficacy. Certain formulations of NSAIDs may enhance onset of analgesia and efficacy. For example, the absorption of ibuprofen acid is influenced by formulation, and certain salts of ibuprofen (e.g., lysine) and solubilized formulations have an enhanced onset of activity. Ibuprofen lysine 400 mg produces faster onset and higher peak analgesia than a conventional tablet of ibuprofen acid 400 mg in dental pain. 29 Solubilized liquigel ibuprofen 400 mg had more rapid onset than acetaminophen 1000 mg and had a longer duration of action than either acetaminophen 1000 mg or ketoprofen 25 mg. 30 These differences can be clinically important as the median time to clinically meaningful relief of pain was shorter after solubilized ibuprofen 400 mg than after acetaminophen 1000 mg. 31 The solubilized potassium liquigel formulation of ibuprofen is available over-the-counter worldwide. Diclofenac sodium softgel has also been shown to provide a very rapid onset of analgesic activity and prolonged analgesic duration compared with conventional diclofenac potassium. 32 Generally, NSAIDs vary in time of onset and duration of analgesic effect. The longer the half-life of the drug, the slower the onset of effect. In addition, a higher dose has a faster onset, higher peak effect and a longer duration. It is advantageous to start with a high dose of a short-life drug (e.g., ibuprofen) and then adjust the dose downward when analgesic efficacy has been achieved. For management of chronic pain, administration of NSAIDs with long half-lives (e.g., naproxen, COX-2 inhibitors) has clear advantages in allowing for onceor twice-a-day dosing. Strict adherence to a treatment schedule that requires drug administration many times a day can be difficult even for the most compliant patient.
Summary Statement
The evidence for the effectiveness of NSAIDs, as compared to placebo in acute pain conditions, is overwhelming and is reflected in the Oxford League Table and in individual reviews. Moreover, individual NSAIDs do differ in their analgesic efficacy. As a group, NSAIDs are excellent analgesics and are even more efficacious than intramuscular morphine for acute pain. However, it should be noted that the evidence for the efficacy of NSAIDs comes mainly from the study of acute pain conditions. There is still a controversy as to which NSAID is better in chronic pain conditions. Two Cochrane reviews of NSAIDs in hip and knee disease are available. 33, 34 One review focusing on treatment of osteoarthritis of the hip found 43 randomized comparisons, but the lack of standardization of case definition and outcome assessments, together with multiple different comparisons meant that no conclusions could be drawn about which NSAID was best. 33 Similarly, the other review could not help us in choosing between NSAIDs for effectiveness in osteoarthritis of the knee. 34 
Adverse Effects of NSAIDs
NSAIDs are associated with a number of adverse effects. These include alterations in renal function, effects on blood pressure, hepatic injury and platelet inhibition which may result in increased bleeding. However, the most important adverse effects of tNSAIDs and COX-2 inhibitors are the gastrointestinal and cardiovascular adverse effects, respectively. 35 The deleterious gastrointestinal effects of tNSAIDs are cause for concern because of their frequency and seriousness. Recent clinical trials have also demonstrated an apparent increased risk of cardiovascular adverse events in patients taking COX-2 inhibitors. 10 This section will focus on the evidence of the gastrointestinal and cardiovascular adverse effects of NSAIDs.
Gastrointestinal Risk of tNSAIDs
There are two separate COX gene products, COX-1 and COX-2, that can initiate the metabolism of arachidonic acid to prostaglandins and related lipid mediators. 32 COX-1 is expressed in most tissues of the body and largely governs the homeostatic production of arachidonic acid metabolites necessary to maintain physiologic integrity, including gastric cytoprotection via prostacyclin (PGI2), whereas COX-2 is induced in response to inflammatory stimuli and is responsible for the enhanced production of eicosanoid mediators for inflammation and pain. All tNSAIDs inhibit COX-2 as well as COX-1 to varying degrees and are associated with an increased risk of gastrointestinal ulcers observed by endoscopy and serious upper gastrointestinal complications, including gastrointestinal hemorrhage, perforation and obstruction. [36] [37] [38] [39] The ulcerogenic properties of tNSAIDs to a large extent relate to their capacity to inhibit COX-1 in the gastric mucosa. 40 Agents that show less gastrointestinal toxicity tend to be COX-1 sparing (COX-2 selective) and vice versa. Endoscopic studies have demonstrated that gastric or duodenal ulcers develop in 15% to 30% of patients who regularly take tNSAIDs. 41 This section will discuss the differences in the gastrointestinal toxicity of the different tNSAIDs and ways to minimize their toxicity.
Relative Risks for Gastrointestinal Toxicity of the Different tNSAIDs
Three recent studies indicate that some tNSAIDs are associated with a higher gastrointestinal risk than others. [42] [43] [44] The first is a meta-analysis of case-control studies, the second is a cohort study of 130,000 patients over 50 years in the United Kingdom, and the third is a case-control study of 780,000 patients from Italy. These three studies give clear differences in gastrointestinal risks with the different tNSAIDs, and some compounds are clearly associated with higher risks of upper gastrointestinal bleeding than others ( lost once their dose is increased. This information is vital when considering the types of tNSAIDs to prescribe for patients.
Therapeutic Approaches to Reduce Gastrointestinal Toxicity of tNSAIDs
Several strategies may be used to decrease the risk of tNSAID-associated gastrointestinal events. First, gastrointestinal complications can be avoided by the use of non-tNSAID analgesics, when possible (e.g., acetaminophen). Second, use of the lowest effective dose of a tNSAID will decrease the incidence of complications. The analgesic property of tNSAIDs has a ceiling effect (notably, the ceiling dose may be
Use of Anti-Ulcer Treatments
Proton Pump Inhibitor Co-therapy 45, 46 Two large double-blind placebo RCTs, ASTRONAUT and OMNIUM trials, compared omeprazole (20 mg daily) with standard dose ranitidine (150 mg twice daily) and with misoprostol (200 µg twice daily) in patients with healed ulcers and erosions who continued tNSAID therapy for 6 months post healing. These studies used a composite of surrogate markers (endoscopic ulcers, multiple erosions, and symptoms) as endpoints. In the ASTRONAUT study, the gastric ulcer recurrence rate at 6 months was 5.2% with omeprazole and 16.3% with ranitidine. The percentage of patients with gastric ulcer recurrence in the OMNIUM study was 13% with omeprazole and 10% with misoprostol.
Misoprostol Co-therapy 48, 49 Silverstein study 48 : 8843 patients with rheumatoid arthritis receiving continuous tNSAID therapy were randomly assigned to receive 800 µg of misoprostol or placebo per day. Serious gastrointestinal complications were reduced by 40% (relative risk reduction) among patients receiving misoprostol compared with those receiving placebo. In patients with a history of peptic ulcer disease or gastrointestinal bleeding, misoprostol conferred a relative risk reduction of 52% and 50%, respectively. Graham study 49 : 537 patients on long-term tNSAIDs and who had a history of endoscopically documented gastric ulcer were randomized to receive placebo, 800 µg of misoprostol 4 times a day, or 15 or 30 mg of lansoprazole once daily for 12 weeks. Patients receiving lansoprazole (15 or 30 mg) remained free from gastric ulcer longer than those who received placebo (P<0.001) but for a shorter time than those who received misoprostol. By week 12, the percentages of gastric ulcer-free patients were as follows: placebo 51%, misoprostol 93%, 15 mg lansoprazole 80%, and 30 mg lansoprazole 82%.
Use of COX-2 Inhibitors

Vioxx Gastrointestinal Outcomes Research (VIGOR) trial 54
The study enrolled 8076 patients with rheumatoid arthritis aged 50 years or older to treatment with either rofecoxib 50 mg/day or naproxen 500 mg twice daily. Over 9 months of follow-up the efficacy of rofecoxib and naproxen were equivalent. However, the incidence of confirmed upper gastrointestinal adverse events per 100 patient-years in the rofecoxib group was less than half that observed in the naproxen group. In a post hoc analysis of the trial, about 40% of the gastrointestinal bleeding events were in the lower gastrointestinal tract. These were also reduced by more than half in patients who received rofecoxib. 55 In this study 8059 patients with osteoarthritis or rheumatoid arthritis aged 18 years or older were randomly assigned to therapy with celecoxib 400 mg twice daily, ibuprofen 800 mg 3 times daily, or diclofenac 75 mg twice daily. Patients were permitted to receive aspirin if indicated for cardiovascular prophylaxis. During the 6-month treatment period, among patients receiving celecoxib, the annualized incidence of upper gastrointestinal complications alone and in combination with symptomatic ulcers was half that observed in patients who received tNSAIDs. However, this study has been recently criticized because the authors only published the results from the first 6 months of the trial and that unpublished data showed that after 13 months, much of the gastrointestinal benefits had vanished. 114 
Celecoxib Long-term Arthritis Safety Study (CLASS)
Therapeutic Arthritis Research and Gastrointestinal Event Trial (TARGET) 56
This large scale RCT compared effect of lumiracoxib with naproxen and ibuprofen for the reduction of gastrointestinal ulcer complications in 18,325 patients with osteoarthritis over 52 weeks. Lumiracoxib showed a 3-fold to 4-fold reduction in ulcer complications compared with tNSAIDs without an increase in the rate of serious CVS events. 57 Another large scale RCT that examined the effect of celecoxib versus diclofenac and naproxen on gastrointestinal outcomes in 13,274 patients with osteoarthritis over 12 weeks. They were equally effective but celecoxib-treated patients had significantly lower rates of any adverse events, including withdrawal due to abdominal pain and serious upper-gastrointestinal events (producing an 8:1 advantage on safety endpoint). Use of Anti-Ulcer Co-Therapy Four classes of drugs, namely proton pump inhibitor (PPI), prostaglandins, histamine H2-blockers and antacids are available for co-therapy for reducing tNSAID-associated gastrointestinal toxicity. Co-therapy with PPIs, which inhibit acid secretion, has been demonstrated in large scale RCTs to promote ulcer healing in patients with tNSAID-related gastric ulcers. 45, 46 Prophylactic use of PPIs in patients with previous gastrointestinal events or in those at high risk for such events is considered appropriate by major treatment guidelines, but it should be noted that the protective effects of PPIs are confined solely to the gastric mucosa, where it specifically suppresses acid secretion. 47 Clinical studies also support the efficacy of misoprostol (a synthetic prostaglandin E1 analogue) that reduces gastric acid secretion, as a strategy to prevent tNSAID-dependent gastropathy. 48, 49 However, due to its nonspecific mode of action at the studied dosage (800 µg/day), a significant proportion of patients reported treatment-related adverse events such as diarrhea, and discontinued the medication. It should also be noted that misoprostol increases uterine tonus and is a commonly used drug to terminate pregnancy, which precludes its use in pregnant patients.
Successive Celecoxib Efficacy and Safety Study I (SUCCESS-I)
To date, there is no definitive evidence that the concomitant administration of histamine H2-blockers or antacids will either prevent the occurrence of gastrointestinal effects or allow continuation of tNSAIDs when such adverse reactions occur. 50, 51 Histamine H2-blockers decrease the incidence of dyspepsia in patients using tNSAIDs, but at standard doses they appear to have little or no effect on the gastric lesions. 52 Moreover, the protective effect of histamine H 2-blockers seen in RCTs have not translated well into clinical use. 52, 53 For example, a recent study shows that using histamine H 2-blockers to suppress tNSAID-induced dyspepsia can double the risks of serious gastrointestinal bleeding. 51 However, this was an observational cohort study and there may be other confounding factors responsible for the gastrointestinal effects.
Use of COX-2 Inhibitors
Evidence from several large scale RCTs has clearly shown that COX-2 inhibitors have reduced gastrointestinal toxicity as compared to tNSAIDs (table 3) . The VIGOR trial, CLASS trial, TARGET trial and SUCCESS-I trial have provided evidence that COX-2 inhibitors minimize risk for gastrointestinal events. [54] [55] [56] [57] Clinical studies also suggest that the COX-2 inhibitors are associated with a reduction in risk for gastrointestinal adverse events that is approximately equivalent to the reduction achieved by adding PPI therapy to tNSAIDs. 58 Recently released data suggest that, in addition to minimizing ulcers and their complications, COX-2 inhibitors improve the tolerability of anti-inflammatory therapy compared to that achieved with tNSAIDs plus a PPI. 59 A multicenter, double blind, placebo-controlled trial of healthy adults that employed video capsule endoscopy found an average of only 0.32 (± 0.10) small bowel mucosal breaks among patients receiving celecoxib 200 mg twice daily compared with 2.99 (± 0.51) for those taking naproxen 500 mg twice daily plus omeprazole 20 mg once daily (P<0.001). 60 Similar reductions in gastrointestinal risk were observed with the newer COX-2 inhibitors valdecoxib, etoricoxib and lumiracoxib. [61] [62] [63] 
Risk Factors for tNSAID-Induced Gastrointestinal Adverse Events
It should be noted that the risk for serious gastrointestinal complications increases in the following patient groups, necessitating prudent drug choice: 64 A recent meta-analysis of 18 case-control and cohort studies published between 1990 and 1999 identified age and previous peptic ulcer disease, particularly if complicated, as the strongest predictors of absolute risk. 65 Further, it should be considered that many side effects of tNSAIDs develop in a time-dependent manner, such that "long-term use" should probably be added to the list of risk factors for gastrointestinal adverse effects. In their over-the-counter formulation, tNSAID use is generally advised not to exceed 3 days for fever and 10 days for analgesia; however, considering their widespread use, they have generally proven to be extremely safe. 66 Short-term use (5-10 days) of over-the-counter tNSAIDs has been shown in several studies to be extremely safe and well tolerated. Large-scale RCTs and meta-analyses have shown that the side effect profile of over-the-counter naproxen (≤660 mg/day) and ibuprofen (≤1200 mg/day) is no different than that of acetaminophen or placebo. [67] [68] [69] [70] Summary Statement Evidence indicates that tNSAIDs do differ in their gastrointestinal toxicity; some associated with higher gastrointestinal risks than others. The lower risk tNSAIDs should be used first and the more toxic tNSAIDs should only be used in the event of a poor clinical response to the less toxic tNSAIDs. As for the therapeutic approaches to reduce gastrointestinal toxicity, the PPIs, misoprostol and COX-2 inhibitors are all effective. However, PPIs and COX-2 inhibitors may be preferable to misoprostol due to their once-daily dosing, and their lower rate of treatment-related adverse events.
Although acetaminophen has a safer gastrointestinal profile than tNSAIDs, there are probably more deaths from acetaminophen than ibuprofen overdose. Acetaminophen overdose can cause fatal hepatotoxicity; 71 and severe hepatotoxicity has been reported after therapeutic doses in patients with risk factors such as chronic alcohol consumption, human immunodeficiency virus infection and hepatitis C virus infection. 72 Hence, rational prescribing is equally important for "safe" analgesics, like acetaminophen.
Cardiovascular Risks of NSAIDs
At therapeutic doses, the COX-2 inhibitors are thought to inhibit only the COX-2, but not the COX-1 enzyme. The problem with inhibiting only the COX-2 enzyme is that metabolism imbalances may occur, resulting in an overproduction of harmful byproducts that may damage the arterial wall and induce arterial blood clotting. 73 When COX-2 is inhibited, less PGI2 is synthesized from arachidonic acid and more leukotriene B4 and thromboxane A2 (TXA2) are produced. PGI2 is vasodilatory and antiaggregatory, while TXA2 is vasoconstrictive and proaggregatory. This tip of balance allows TXA2 to function unopposed, leading to increased risk for cardiovascular adverse events. Rofecoxib inhibits the COX-2 enzyme 80 times more than the COX-1 enzyme, whereas celecoxib inhibits the COX-2 enzyme only 9 times more than the COX-1. 74 (The ratio of COX-2:COX-1 inhibition for the tNSAIDs, ibuprofen and naproxen, is 0.4 and 0.3, respectively.) It can then be extrapolated that rofecoxib shifts the PGI2/TXA2 balance more significantly against PGI2 than other NSAIDs, and hence, is the single agent shown consistently to increase cardiovascular adverse events. These possible harmful mechanisms are illustrated in figure 1.
A recent study has challenged this prostanoid hypothesis and raises new questions about the mechanisms underlying the potential cardiovascular adverse effects of NSAIDs. 75 If the PGI2 and TXA2 imbalance theory holds true then, adding aspirin should eliminate the risk. However, results from other RCTs indicate that adding a COX-1 inhibitor, e.g., aspirin, does not prevent the cardiovascular adverse effects observed with COX-2 inhibitors. 55, 56 Moreover, if the PGI2/TXA2 hypothesis represented the only mechanistic explanation for these events, one would have expected the use of tNSAIDs (which have considerable COX-1 effects) to be associated with little cardiovascular effects. However, the recent observation of a trend toward increased cardiovascular events with naproxen when compared with placebo and celecoxib in the Alzheimer's Disease Anti-inflammatory Prevention Trial (ADAPT) highlights the need to scrutinize these agents. 76 Evidence from several large scale RCTs and epidemiologic studies of structurally distinct COX-2 inhibitors has indicated that such compounds elevate the risk of myocardial infarction and stroke (table 4) . 54, [77] [78] [79] [80] [81] [82] [83] [84] This evidence led to the subsequent worldwide withdrawal of rofecoxib and valdecoxib, recently. Notably, valdecoxib was also withdrawn because of an unexpectedly high number of serious dermatological side effects such as Stevens-Johnson syndrome. Although, COX-2 inhibitors may increase the risk for cardiovascular events, the risk differs to some degree between individuals, across agents, is dose-related, and varies with the duration of therapy. For example, the APPROVe clinical trial showed that the risk was only apparent after 18 months of continuous intake of rofecoxib. 77 Risk is highest among patients receiving the 50 mg dose, is less among patients receiving the 25 mg dose, and is not detected among those receiving 12.5 mg. In some high risk patients (e.g., following coronary artery bypass graft [CABG]), valdecoxib increased the cardiovascular events by 3-fold even in short-term application of only 10 to 14 days. [79] [80] [81] This increased cardiovascular risk from short-term use of valdecoxib was not observed in patients undergoing general or orthopedic surgeries. 85 Some studies suggested that celecoxib and lumiracoxib may have a slightly better safety profile than other COX-2 inhibitors. Because the benefits seem to outweigh potential cardiovascular risks, these two drugs have remained on the market. 56, 86 Currently, celecoxib, etoricoxib, lumiracoxib, and parecoxib are still available in many countries and were approved for marketing as they fulfilled the requirements for drug registration based on internationally accepted guidelines.
To add to the controversies of the cardiovascular adverse effects of COX-2 inhibitors, several recent studies have shown that some COX-2 inhibitors are not associated with an increased cardiovascular risk. The SUCCESS-I trial found no increased cardiovascular risks of celecoxib compared to either diclofenac and naproxen in 13,274 patients with osteoarthritis. 57 The TARGET trial found no significant difference in cardiovascular deaths between lumiracoxib and either ibuprofen or naproxen, irrespective of aspirin use, in 18,325 patients with osteoarthritis. 56 A recent meta-analysis of 34,668 patients receiving lumiracoxib for ≤1 year of
Vioxx Gastrointestinal Outcomes Research (VIGOR) Trial 54
The study enrolled 8076 patients with rheumatoid arthritis aged 50 years or older to treatment with either rofecoxib 50 mg/day or naproxen 500 mg twice daily. Over 9 months of follow-up, it was found that there was a 5-fold divergence in the incidence of myocardial infarction (20 versus 4 events). This study was not originally designed to assess the incidence of cardiovascular event. 77 This study found that the long-term use of the rofecoxib at 25 mg/day in 2586 patients with a history of colorectal adenomas was associated with an 1.92-fold increased risk for thrombotic events (myocardial infarction and strokes) first observed after 18 months of therapy. This led to the subsequent worldwide withdrawal of rofecoxib on September 30, 2004 . It is interesting to note that a correction of the data analysis published recently shows that this conclusion is not supported by a formal statistical test.
Adenomatous Polyp Prevention on Vioxx (APPROVe) trial
115
Adenoma Prevention with Celecoxib (APC) Trial 78
This study randomly assigned 2035 patients with a history of colorectal neoplasia to placebo or high dose celecoxib (400-800 mg/day) for 3 years. It demonstrated dose related increases in cardiovascular events (myocardial infarction and strokes) with celecoxib. A dose of 400 mg/day of celecoxib increased the risk by 2.5-fold, 800 mg/day increased the risk by 3.4-fold compared with placebo.
Clinical Trial of Valdecoxib in Coronary Artery Bypass Grafting (CABG)
79,80,81
CABG is characterized by intense hemostatic activation. Two placebo-controlled studies of valdecoxib, anteceded by its intravenous pro-drug parecoxib, were performed in patients undergoing CABG. Despite their small study sizes (462 and 1636 patients, respectively) and short duration (10 and 14 days of treatment, respectively), a pooled analysis of the two quite similar studies suggests that parecoxib/valdecoxib elevates the combined incidence of myocardial infarction and stroke by 3-fold in this population.
Epidemiologic Studies
82,83
Graham study 82 : a nested case-control analysis of data from more than 1.3 million patients and 2.3 person-years of follow-up, found that rofecoxib at doses above 25 mg/day was associated with a 3-fold higher incidence of myocardial infarction and/or cardiac deaths than were recorded among nonusers or remote users of anti-inflammatory drugs.
Johnsen study 83 : a population-based case-control study that enrolled 10,280 cases of first-time hospitalization for myocardial infarction and 102,797 sex-and age-matched non-myocardial infarction population controls. All prescriptions for non-aspirin NSAIDs filled before the date of admission for myocardial infarction were identified using population-based prescription databases. It was found that current and new users of rofecoxib, celecoxib and all classes of non-aspirin NSAIDs had elevated relative risk estimates for myocardial infarction.
Meta-Analysis of RCTs 84
A recent meta-analysis of 18 RCTs and 11 observational studies of rofecoxib supports the cardiovascular findings of VIGOR. Overall, patients who received rofecoxib in these studies were at a 2.3-fold increased risk for myocardial infarction compared with those receiving placebo or other tNSAIDs. treatment found no evidence of increase in cardiovascular risk compared with naproxen, placebo or all comparators. 87 With the recent findings of the cardiovascular adverse effects of the COX-2 inhibitors, a potential safety concern has been raised as to whether the increased cardiovascular events would be a class effect for all NSAIDs. Unfortunately, there are no placebo-controlled RCTs addressing the cardiovascular safety of tNSAIDs, only observational studies, information from basic and human pharmacology, and the previously discussed tNSAID comparator RCTs. For example, preliminary results from a long-term observational study suggest that long-term use of certain tNSAIDs may be associated with an increased cardiovascular risk compared to placebo. 88, 89 In addition, a recent meta-analysis of 14 observational studies suggests that some tNSAIDs may increase myocardial infarction risks. 90 In particular, diclofenac carries a higher risk than other tNSAIDs (as it is more COX-2 selective). This was not the case for naproxen. However, it should be noted that there are usually many confounding factors in observational studies which may also be responsible for the increased cardiovascular events.
Based upon the available data, the Food and Drug Administration has concluded that the increased risk of cardiovascular events may be a class effect for all NSAIDs and recommended that all NSAIDs now carry stronger warnings for adverse side effects, including gastrointestinal and cardiovascular adverse effects. 91 These serious warnings for all NSAIDs may have been exaggerated and definitely, and perhaps needlessly, frightened NSAID users, since the current literature supports the enhanced cardiovascular toxicity of COX-2 inhibitors over tNSAIDs.
Summary Statement
Evidence indicates that COX-2 inhibitors as a group have a small but absolute risk of cardiovascular adverse effects. Due to its widespread use a few years ago, this small proportion translates into a large absolute number of COX-2 inhibitor users developing cardiovascular events. Generally, COX-2 inhibitors are contraindicated in patients with a history of ischemic heart disease, stroke or congestive heart failure and in patients who have recently undergone CABG. The cardiovascular risk appears to be dose related and varies with the duration of therapy. Hence, the smallest effective dose for shortest duration should be used when COX-2 inhibitors are indicated.
It should be noted that the analgesic efficacy of COX-2 inhibitors is excellent as evidenced in the Oxford League Table. All drugs have potential adverse effects and COX-2 inhibitor therapy is necessarily a balance between achieving a therapeutic effect, while causing minimum side effects. One should not forget that an inadequate long-term control of cardiovascular risk factors such as hypertension, dyslipidemia, diabetes, smoking and weight excess is more deleterious in terms of cardiovascular mortality than the administration of COX-2 inhibitors.
Drug Interactions of NSAIDs
A key concern is the interaction between aspirin and NSAIDs. Although low-dose aspirin is cardioprotective, evidence suggests that concomitant use with certain NSAIDs (in particular ibuprofen) may reduce its cardioprotective benefits and increase gastrointestinal risk. 92, 93 It has been shown in a recent study that ibuprofen prevents the irreversible platelet inhibition induced by aspirin. This effect may be responsible for a statistically and clinically significant increase in risk for mortality in users of aspirin plus ibuprofen compared with users of ibuprofen alone. In contrast, sustained exposure to diclofenac, rofecoxib or acetaminophen did not influence the effects of aspirin on platelet function. 94, 95 To add to the controversy, another study on the effect of ibuprofen in aspirin-treated healthy adult volunteers showed no clinically meaningful loss of cardioprotection of aspirin when over-the-counter doses of ibuprofen were administered. 96 The gastroprotective benefit of COX-2 inhibitors is partially or, in some patients, totally lost if aspirin is used for cardiovascular prophylaxis. 56, 97 In a study conducted by Schnitzer and colleagues, 56 18,325 patients aged 50 years or older were randomly assigned to lumiracoxib 400 mg once daily, naproxen 500 mg twice daily or ibuprofen 800 mg 3 times daily for 1 year. Patients were stratified by low dose aspirin use and age. Consistent with the results of previous studies of COX-2 inhibitors, the cumulative incidence of ulcer complications was reduced by 3-fold to 4-fold among patients who received lumiracoxib compared with tNSAIDs, but the reduction was smaller and did not reach statistical significance among patients who received concomitant aspirin.
Recent evidence suggests that gastrointestinal benefits may also be lost in patients who receive warfarin together with NSAIDs. In a nested case-control analysis, Battistella and colleagues 98 quantified the gastrointestinal risk in warfarin users treated with tNSAIDs or COX-2 inhibitors. During the study period, 361 (0.3%) out of 98,821 elderly patients who had received warfarin were admitted with gastrointestinal hemorrhage. These patients were 1.9-fold more likely to be receiving tNSAIDs, 1.7-fold more likely to be receiving celecoxib and 2.4-fold more likely to be taking rofecoxib than to be taking no NSAIDs before hospitalization.
Concurrent use of NSAIDs and corticosteroids may also increase gastrointestinal risk. In a population-based cohort study of 45,980 patients, Nielsen and colleagues 99 found that there was an increased risk of gastrointestinal bleeding among patients who concurrently used NSAIDs and corticosteroids.
Alternative Analgesics
When tNSAIDs and COX-2 inhibitors are inappropriate analgesics for patients, alternatives are available. However, it is worth noting from the Oxford League 102 The authors concluded that there is lack of evidence for any difference in analgesic efficacy of NSAIDs given by different routes. However, the intramuscular and rectal routes were more likely to have specific local adverse effects. The intravenous route was also reported to increase the risk of postoperative bleeding. In addition, the parenteral route has the same risks of gastrointestinal toxicity as the oral route. The only possible exception are NSAIDs given by the topical route which are not associated with any of the gastrointestinal effects seen with other routes. 103 In view of this evidence, the oral route should be used whenever possible.
Current Recommendations for the Use of NSAIDS
The evidence for the gastrointestinal and cardiovascular adverse effects of NSAIDs have substantial implications for public health, patient education and therapeutic decision making on the part of physicians charged with managing pain-related conditions. A few organizations have published guidelines on the use of tNSAIDs and COX-2 inhibitors. 104, 105 Generally, any recommendations should offer effective pain control along with optimal gastroprotection, together with an assessment of cardiovascular and gastrointestinal risks before initiation of tNSAIDs or COX-2 inhibitors therapy.
The Food and Drug Administration expert advisory committee recommends that: 106 ■ when COX-2 inhibitors and tNSAIDs are to be used for the management of individual patients, they should be prescribed with the lowest effective dose and for the shortest duration.
■ they should not be prescribed for high risk patients, e.g., patients with a history of ischemic heart disease, stroke or congestive heart failure, or in patients who have recently undergone CABG.
■ all prescription-strength NSAIDs will now display "black box" label warnings for the potential risk of cardiovascular and gastrointestinal adverse effects.
■ treatment with tNSAIDs alone in patients aged less than 65 years who do not have gastrointestinal risk factors is considered appropriate. Co-therapy with a PPI or treatment with a COX-2 inhibitor was considered unnecessary in these patients.
■ the use of a tNSAID alone was considered inappropriate in any patient with a previous gastrointestinal event and in those who concurrently receive aspirin, steroids or warfarin. These patients should receive either a tNSAID plus a PPI or a COX-2 inhibitor.
■ use of a COX-2 inhibitor with PPI co-therapy is appropriate only in patients at very high risk, such as those with a previous gastrointestinal event who are taking aspirin, and those who are taking aspirin plus steroids or warfarin.
An Algorithm for Decision Making in Pain Management
An algorithm for decision making in pain management based on the evidence reviewed and an understanding of the mechanisms of action of this class of drugs is proposed ( figure 2 ). Selecting the appropriate therapy that provides good pain relief, minimizes cardiovascular risks and preserves the gastrointestinal mucosa is a complex challenge. Factors to consider include (1) the possible interference of certain NSAIDs, such as ibuprofen, with the antiplatelet effects of aspirin; (2) direct effects of tNSAIDs and COX-2 inhibitors on fluid retention and blood pressure; (3) emerging data about cardiovascular risks associated with these drugs (particularly with COX-2 inhibitors); (4) differences in the adverse gastrointestinal event rates among tNSAIDs; and (5) the feasibility of co-therapy with gastroprotective agents. Participation in the decision making process by a fully informed patient is an essential element of good medical practice and is recommended.
The algorithm proposed provides only general recommendations. Although ibuprofen has the lowest gastrointestinal risk and is recommended as the first-line NSAID, there are situations when other NSAIDs would be more suitable. For example, if a patient's compliance is a problem for the treatment of chronic pain, a once or twice daily formulation would be beneficial (e.g., naproxen and COX-2 inhibitors). The COX-2 inhibitors do not impair platelet function and are an advantage when used in the perioperative period compared to tNSAIDs which inhibit platelet aggregation, increasing risks of postoperative bleeding. 107 A recent meta-analysis has shown NSAIDs also to have a pre-emptive effect and reduce postoperative analgesic requirements. 108 In addition, when used in combination with acetaminophen, NSAIDs act synergistically to improve analgesia. 109 Another recent meta-analysis has shown that this combination can reduce postoperative opioid requirements. 110 Hence, it is clear that NSAIDs could provide enormous benefit to the pain patients.
Of particular interest is that COX-2 inhibitors have been reported to be well tolerated for patients with tNSAID intolerance. [111] [112] [113] Most adverse tNSAID-induced respiratory and skin reactions appear to be precipitated by the inhibition of COX-1. This in turn activates the lipo-oxygenase pathway, which eventually increases the release of cysteinyl leukotrienes and causes the observed allergic reactions. 111 It has been suggested by some authors that COX-2 inhibitors may safely be used by patients with tNSAIDs intolerance. [111] [112] [113] However, we recommend that COX-2 inhibitors be used as alternative drugs in patients with tNSAID intolerance only after assessing their specific tolerability in a properly performed provocation test.
Conclusion
Recent literature focuses on the adverse effects that can occur when applying tNSAIDs and COX-2 inhibitors. It is worth remembering that these drugs are excellent analgesics and bring huge benefits to many patients who need them. However, the gastrointestinal consequences of tNSAIDs and the cardiovascular events of COX-2 inhibitors are significant and need to be taken into account when prescribing this group of analgesics to patients.
From the evidence reviewed, it can be recommended that acetaminophen should be used as a first-line agent, particularly for mild pain. It is an effective and safe analgesic at therapeutic doses and can be combined with opioid, e.g., codeine, to increase its efficacy. Thereafter the rule would seem to be to use ibuprofen for preference at the lowest effective dose, and with mucosoprotective agents for those at high risk of developing adverse gastrointestinal events. When other tNSAIDs are required, naproxen should be used, as it has intermediate risks of adverse events. Generally, the lower risk tNSAIDs should be used first and the more toxic tNSAIDs should only be used in the event of a poor clinical response to the less toxic agent. COX-2 inhibitors may have a place for high risk patients who could not take anti-ulcer co-therapy and possibly also for patients who have intolerance to tNSAIDs. In cases of insufficient analgesia with a single agent, tNSAIDs and COX-2 inhibitors may be combined with acetaminophen or opioids for additional analgesia.
